Abstract. The local mechanisms of antitumor immune defense determine the development and organization of the tumor microenvironment, and the composition and relative proportions of the inflammatory cell population affect the quality and characteristics of the immune response. The aim of the present study was to conduct a quantitative morphological evaluation of two types of tumor-infiltrating lymphocyte (TILs) populations, including those located in the stroma and intraepithelial cancer structures, in the invasive front and the center of the tumor in patients with colorectal cancer (CRC). The study included 160 patients with CRC who had undergone surgery. The tissue material was stained with hematoxylin and eosin, as used in routine histopathological diagnosis, and the two TIL populations were observed and counted with light microscopy. The relative extent of infiltration of stromal and intraepithelial TILs into the front and center of the primary tumors was similar. The extent of infiltration by stromal TILs was negatively correlated with the morphological features of tumor progression including the cancer infiltration of blood vessels (P=0.016), the invasion of lymph vessels (P=0.007), perineural invasion (P=0.036), lymph node involvement (P=0.047) and distant metastases (P=0.032). The infiltration by intraepithelial TILs was positively correlated with a desmoplastic reaction (P=0.002). Disease-free survival time was statistically shorter in patients without intraepithelial TILs in the center of the primary tumor mass (P=0.049; hazard ratio = 1.45). These results confirm that the infiltration of TILs into the invasive front and center of the tumor in patients with CRC serves an important role in the invasion and progression of the disease, and should be considered in routine histopathological examinations.
Introduction
The development of tumors is a multistep process in which the immune response serves an important role. The local immune antitumor defense mechanisms determine the development and organization of the tumor microenvironment; the composition of the cell population and the relative proportion of inflammatory cells present in this area affect the quality and characteristics of the inflammatory response (1) . Lymphocytes isolated directly from the tumor environment are termed tumor-infiltrating lymphocytes (TILs). They recognize tumor antigens and directly induce tumor lysis, or release specific chemotactic and pro-inflammatory cytokines (2) . Using electron microscopy, it was observed that at tumor cells in direct contact with TILs, there was evidence of the destruction of cell membranes and cytoplasm, and in certain cases, penetration inside the cancer cell and destruction of the cell nucleus (3) .
In modern anticancer treatment, immunotherapy to stimulate or inactivate specific cell populations to activate the immune response against tumor cells is in increasing use (4) . The evaluation of the presence and degree of lymphocytic infiltration is performed in the routine histopathological examinations for the diagnosis of malignant melanoma. Lymphocytic infiltration at the edge of the lesion and infiltration between cancer cells are positive prognostic markers for patients with malignant melanoma (5) . The risk of regional lymph nodes metastasis and mortality due to malignant melanoma decreases with the increasing degree of lymphocytic infiltration (6, 7) . Patients with high TIL infiltration may respond to the administration of ipilimumab antibodies against cytotoxic T-lymphocyte associated protein 4, with the effect of reducing immune inhibition to promote an immune response against the tumor (8) . An additional target that appears to exhibit potential for immunotherapy is programmed cell death protein 1 (PD1) protein and its ligand, which is expressed on a high proportion of active TILs of lymphoma and in various types of malignancy, including renal cell carcinoma (9, 10) . Previous studies have indicated that TILs serve a key role in the carcinogenesis of breast cancer (11, 12) . The assessment of the extent of lymphocyte infiltration in the cancerous tissue of patients with breast cancer using hematoxylin and eosin (H&E) staining demonstrated that it exhibits predictive and prognostic value in patients with triple-negative breast cancer (TNBC), and in those with a HER2-positive status (13) (14) (15) . It has been demonstrated that patients with TNBC with a higher proportion of stromal TILs at diagnosis exhibit an improved prognosis following the administration of anthracycline-based chemotherapy (13) . Similar therapeutic effects were observed in patients with breast cancer with positive HER-2 status during transtuzumab treatment (14) . These studies confirm that TILs are notable prognostic and predictive factors in various types of malignancy; therefore, the aim of the present study was to perform a quantitative morphological evaluation of the TIL populations in the stromal and intraepithelial cancer structures in the invasive front and the center of the tumor mass in patients with colorectal cancer (CRC), in correlation with clinicopathological features and disease-free-survival (DFS).
Materials and methods
Patients. The present study included 160 patients diagnosed with CRC (males, 88; females, 56) who underwent surgery in the Department of Oncological Surgery, Comprehensive Cancer Center (Bialystok, Poland) between April 2014 and December 2016. The mean age was 67.5 years, including 40 patients <60 and 120 patients >60 years old. The majority of patients presented with the symptoms of abdominal ache, anemia, rectal bleeding, constipation, diarrhea, vomiting and anorexia. A history of malignant neoplasm was noted for 16/160 patients. In the majority of cases, patients were additionally receiving treatment for hypertension, type II diabetes, osteoarthritis and coronary heart disease. Colonoscopy examination to confirm the presence of cancerous tissue in the intestine wall was performed in 62 cases. On macroscopic examination of the surgical specimens, cancerous tissue was limited to the gut wall in 69 cases, and exceeded the wall focally in 17 cases and continuously in 74 cases. During diagnostic examination, polyps were identified in 30 cases; the total number of polyps was between 1 and 10. They were histopathologically classified as tubular (15 cases), tubulo-villous (10 cases) and others (5 cases).
All patients received routine diagnostic tests, including basic diagnostic laboratory tests (morphological tests and lipid profiles), electrocardiography, spirometry, arterial blood gasometric study and X-ray and computerized tomography (CT) imaging of the chest. Clinical efficiency was evaluated with the response criteria of the Eastern Cooperative Oncology Group (16) . The clinical stage of CRC was evaluated according to the Tumor Node Metastasis (TNM) classification (17) and the Duke's staging systems (18) . Patients diagnosed with neoplasms in the rectum received preoperative therapy (n=53), including radiotherapy (n=39), chemotherapy (n=7) and radio-chemotherapy (n=7). For patients receiving radiotherapy, a dose of 25 Gy was administered in fractions of 5 Gy over one week to the pelvic area. Preoperatively, patients with tumors situated in other regions did not receive inflammatory or immunosuppressive therapy. The response to preoperative therapy was estimated according to the Response Evaluation Criteria in Solid Tumors criteria (19) .
The present study was performed in accordance with the Declaration of Helsinki for Human Experimentation, and the protocol was approved by the Bioethics Committee of the Medical University of Bialystok (approval no.
R-I-002/352/2016). Written informed consent was obtained from all participants.
Histopathological examination of CRC tumor tissue. Sections (4 µm-thick) were cut from paraffin blocks and stained with H&E (cat no. 468802128; POCH S.A.; Avantor Performance Materials Poland, Gliwice, Poland) according to the manufacturer's protocol. Slides were deparaffinized in a heating oven at 60˚C for 5 min. Subsequently, slides were rehydrated in xylene (3 washes at 10 min, respectively) and in a gradual concentration of ethanol (100, 95, 85, and 75% for 1 min at each concentration). Routine histopathological assessment of the sections was performed to determine the type of tumor growth, tumor size, histological type, percentage of mucinous components, grade of malignancy, TNM and Duke's stages. Venous, lymphatic and perineural invasions were also analyzed, and the characteristic features of lymph node invasion, including the number of resected and invaded lymph nodes, the presence of micro-and macrometastases, invasion of the pouch lymph node, presence of the distant metastases and their size were examined. The presence of deposits, and their number and size, were also assessed (20) .
The tumor stroma ratio (TSP) was also determined, as previously described by Huijbers et al (21) . The analysis was performed in the most invasive tumor area of each slide using x25 or x50 magnification. The tumor and stromal tissues were identified and subsequently viewed at x100 magnification. Tumor cells were required to be present at all borders of the image field; necrotic areas and mucinous components were excluded. The TSP ratio was defined as a percentage of tumor structure to stroma per image field. The TSP ratio was divided into two groups: Stroma-high, >50%; and stroma-lo, ≤50%. Tumor budding was analyzed as described by Morodomi et al (22) . The extent of the inflammatory cell reaction in the invasive front of the tumor and the center of the tumor mass was also observed and classified according the Klintrup-Makinen criteria (23) . The extent of necrosis and fibrosis in the central tumor was evaluated according to Richards et al (24) and graded as: Absent, none; focal, <10% of tumor area; moderate, 10-30%; or extensive, >30%. Crohn's-like aggregates of lymphocytes (CRL) were evaluated in the basis of Väyrynen criteria (25) . Histological categorization of fibrotic cancer stroma was performed based on the Ueno et al criteria (26) .
Examination of TILs.
Tissue material obtained from routine histopathological diagnosis was stained with H&E and used to assess two types of TILs populations located in the stroma and intraepithelial cancer structures of the invasive front and center of the tumor by light microscopy (magnification, x200-400; Leica DM6 B; KAWA.SKA, Sp. z o.o., Piaseczno, Poland). The analysis was evaluated by two independent pathologists who were blinded to the clinical information.
TILs in the stroma were identified according to recommendations by the International TILs Working Group, 2014 (11) . They were determined as a percentage of mononuclear inflammatory cells in the total intratumoral or stromal area as counted in 5 high power fields (HPF; magnification, x200-400), in the invasive front and in the center of the tumor, with the exception of tumor areas with crush artifacts, necrosis or regressive hyalinization. The invasive front of the tumor was defined as the most progressed cancer cells on the advanced edge of the tumor. For statistical analysis, three levels of infiltration in the stroma TILs were determined: 1, weak (0-10% of stromal TILs); 2, moderate (20-40% of stromal TILs); and 3, strong (50-90% of stromal TILs). The study population was divided into two groups: 1, level 1; and 2, level 2 or 3.
TILs presenting in the inside of the cancer tubes of the tumor were counted in 5 HPF in the invasive front and in the center of the tumor, with the exception of apoptotic bodies, and the mean number per adenocarcinoma structure was determined. For statistical analysis, TILs in the inside of the cancer tubes were divided into two groups: 0, absent (no TILs); and 1, present (≥1 TILs in intraepithelial tube).
Follow-up. Patients were followed-up for 2-2.5 years. They were monitored with the measurement of carcinoembryonic antigen and carbohydrate antigen 19-9 levels, physical examination, colonoscopy or/and radiological imaging including CT of the chest, abdomen, and pelvis, bone scan and positron emission tomography scans. Local and distant recurrences were defined as pathological evidence of tumor emergence in the region of the anastomosis, i.e., local recurrence, or/and present outside of the primary tumor at other sites, i.e., distant recurrence, including in the liver, lungs, bone and brain, confirmed by the aforementioned techniques.
Statistical analysis. Statistical analysis was conducted using STATISTICA 10.0 software (Statsoft Polska Sp. z o.o., Cracow, Poland). The Mann-Whitney U-test was used compare between groups. Correlations between the parameters were evaluated by Spearman's correlation coefficient tests. DFS time was calculated from the date of diagnosis to the date of disease progression, including local or distant relapse. DFS rate was estimated using the Kaplan Meier method and the survival curves were compared using log-rank tests. Multivariate Cox proportional hazards models were used to estimate hazard ratios (HR). P<0.05 was considered to indicate a statistically significant difference.
Results
Histopathological examination. The CRC tumor was localized at the right side of the colon in 20 cases, transverse colon in 14, left side of the colon in 15, sigmoid in 29 and in the rectum in 82 cases. The tumors presented as expanding ulcerative masses in the wall of the colon in 133 cases, whereas they developed as an infiltrative lesion mass attached to the intestinal lumen in 27 cases. The mean tumor size was 3.5±1.69 cm (range, 1.5-8.0 cm). Tumors were divided into three groups according to size: <2.5 (n=27), 2.5-5.0 (n=106) and >5.0 cm (n=27). Non-mucinous type adenocarcinoma was diagnosed in 130 cases, and there were 30 cases of mucin-producing tumors. Partim mucinous type adenocarcinoma was defined as a malignant tumor mass with classical glandular-like structures and a mucinous component that ranged from 10-50% of all histological features. For statistical analysis, mucin-producing tumors were classified into two groups: Mucinous component range, 10-30% (n=15); and mucinous component range, 31-50% (n=15). According to pTNM stage, there were 42 stage I tumors, 31 in stage II, 69 in stage III and 18 in stage IV; this was similar to their Duke stage classification. Patients responded to preoperative radiotherapy in part (partial response, PR; n=27) and insufficiently but without disease progression (stable disease, SD; n=26). No patients achieved complete response.
The local and distant progression of the disease was analyzed by assessment of metastatic histological features. Tumors invaded the submucosa in 3 cases, were limited to the muscularis propria in 62 cases, infiltrated through the muscularis propria into the pericolorectal tissues in 91 and penetrated to the surface of the visceral peritoneum and invaded other organs in 4 cases. The invasion of blood vessels was present in 46 patients. Tumors had spread to lymphatic vessels in 38 patients and the space surrounding a nerve in 17 patients. The mean number of removed local lymph nodes per patient was 15. For statistical analysis, the number of resected regional lymph nodes was divided into 3 groups: Under 5 (n=14); between 5-10 (n=29); and >10 (n=116). Lymph node involvement was observed in 79 cases. There were 49 patients with <5 lymph nodes with metastases, and 26 cases with >5 lymph nodes with metastases. The mean size of metastatic tumors within local lymph nodes was 2.26 mm. Metastases of the lymph nodes were grouped as: Micro-(diameter <2.0 mm; n=27); and macro-invasion (diameter ≥2.0 mm; n=52). Tumors infiltrating the pouch of lymph nodes were diagnosed in 68 cases. Metastases to distant organs (primarily the liver) were observed in 17 cases. For statistical analysis, distant metastases were grouped by size: <10 mm (n=11); and ≤10 mm (n=6). Other cases with distant metastases exhibited multifocal lesions in the liver tissues; these patients were not included in the metastatic grouping. Tumor deposits were defined as tumor clusters of cancer cells located in the pericolic/perirectal adipose tissue without lymphocyte aggregates that were macroscopically classified to lymph nodes. Cancer nodules/deposits were present in 27 cases (range, 1-4). On average, deposits measured 0.695 mm in size. For statistical analysis, two groups of deposit size were defined: <2.5 (n=10) and ≥2.5 mm (n=17).
In addition, the morphological features of CRC were analyzed in detail. There were 66 patients with tumors with high stroma ratios, and 94 patients with tumors with low ratios. The majority of cases with a high stroma ratio had received pre-operative treatment. Tumor budding was observed in 66 cases (range, 5-20 per patient). The number of patients with weak, moderate and strong evidence of inflammatory cell infiltration in the invasive front of the tumor were 66, 48 and 26, respectively. Inflammatory cells in the center of tumor mass infiltrated to a weak degree in 76, moderate in 51 and strong in 22 cases. Crohn's-like aggregates of lymphocytes were identified in 42 cases. The degree of necrosis was focal, in 61 cases, moderate in 36 cases and extensive in 18 cases. Table IV .
DFS time and prognostic factors in CRC.
The mean DFS time was 12.1 months for all patients. Patients who lacked intraepithelial TILs at the invasive front of the tumor exhibited a shorter DFS time (P=0.050; HR=1.03). DFS time was shorter in patients without intraepithelial TILs in the center of the primary tumor mass (P=0.049; HR=1.45; Fig. 2A and B) . Stromal TILs in the invasive front and center of the tumor mass were not associated with DFS time in patients with CRC (P=0.051, HR=1.12; P=0.378, HR=1.01, respectively; Fig. 2C and D) . Factors identified to be predictive of DFS time from univariate Cox regression analysis included: TNM stage (P= 0.003), pre-operative treatment (P= 0.040), venous Table II . Correlation between TILs in stroma and in the inside of the cancer tubes and clinical features of colorectal cancer. (Table V) .
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Discussion
CRC, malignant melanoma, kidney, lung and pancreatic cancer develop independent of pathogens; however, these types of cancer are increasing in prevalence in the immunocompromised population (27) . Inflammatory cells involved in the innate response (NK cells, immature T lymphocytes, macrophages) serve a key role in anti-tumor defense; cells associated with the acquired response, including antigen-presenting cells such as CD8 + and CD45RO + T cells, are associated with CRC progression (28) . It was previously demonstrated that 50% of T and B immunodeficient mice spontaneously developed tumors in the colon and lung, with 80% of the tumors additionally exhibiting resistance to interferon-γ (29) . A further study indicated that tumor-infiltrating lymphocytes serve a significant role in antitumor immune responses, and provide a novel potential prognostic and predictive indicator of CRC (30) .
The study by Jass et al (31) was the first attempted classification of inflammatory lymphocytic infiltrate in CRC, which is based on a 4-point scale assessment of the intensity of lymphocyte infiltration. Then, Ogino et al (32) proposed that the evaluation of the lymphocytic response should include four elements: Crohn's-like reaction; peritumoral reaction; intratumoral periglandular reaction; and density of TILs. Concomitantly, Klintrup et al (23) analyzed inflammatory cell reaction in the invasive margin and generated a classification system: 0 was defined as no increase in inflammatory cell infiltrate; 1 was defined as mild or patchy increases; 2 denoted a prominent inflammatory reaction with specific evidence of cancer cell destruction; and 3 denoted florid 'cup-like' inflammatory infiltrate. The present study aimed to provide a detailed morphological evaluation of the two types of TILs populations located in the stromal and intraepithelial cancer structures in the invasive front and the center of the tumor in patients with CRC. The presence of TILs was identified in the inside of the cancer tubes of the invasive front of tumor and in the center of the primary tumor in 80% of cases. The assessment of stromal TILs at the invasive front and center of the tumors confirmed that the degree of infiltration was low in ~50% of cases, moderate in 28% of cases and high in 14% of cases. It has been demonstrated that intraepithelial TILs are activated and permanently bind tumor parenchyma only in the presence of a tumor-associated antigen; single tumor cell antigens activate TILs and generate cytotoxic reactions, and the degree of their stimulation depends on their clone (33) . In the case of stromal TILs, these cells are stimulated by an APC-lymphocyte sequence. The strength, characteristics and selectivity of the response by stromal TILs clones depends on the type of antigen on the tumor cell (11) . The evaluation of the presence of intraepithelial and stromal TILs may assist in determining the degree of involvement of the immune response in CRC.
The invasive front of the tumor is the first line of defense against cancer metastasis. If it does not have adequate immune stimulation, structures in the tumor including the blood and lymphatic vessels, and perineural spaces, may allow the invasion of selected clones of cancer cells into the surrounding tissue and to other organs (33) . In the present study, a decline in TILs in the stroma of tumors with involvement of blood vessel, lymphatic tubes, perineural space and the presence of lymph node metastases was observed, which confirmed they are the main population of inflammatory cells that are responsible for the immune response. the marked part of the cells generating immune responses. The results of the present study were consistent with the observations of Huh et al (34) , in which a low TIL grade was identified to be correlated with perineural invasion. Additionally, Pagès et al (35) demonstrated that the presence of a high degree of immune infiltrate at the invasive margin was associated with a lack of the characteristics of early metastatic processes, including vascular emboli, lymphatic invasion and perineural invasion in CRC. Pagès et al (36) also confirmed that the decrease in lymphatic reaction against CRC cells was associated with positive status of lymph node involvement. Conversely, Perez et al (37) observed a statistically significant correlation between TILs grade and vascular emboli, lymphatic and perineural invasion in rectal cancer; the number and activation of stromal TILs in the invasive front of the lesions were correlated with the ability Variables  n  Invasive front  Tumor mass  Invasive front  Tumor Table III . Correlation between TILs in stroma and in the inside of the cancer tubes and parameters of disease progression. to recognize tumor specific antigens and the lymphocytic infiltration of cells inside the tumor tubes. These observations confirmed the results regarding the stromal TILs, in which a positive correlation between intraepithelial TILs and localization of inflammatory cell infiltrate was observed. Additional previous studies have also reported this association (28, 38) . In addition, a weak inflammatory response in the invasive front of the tumor affects the development of the response and organization of TILs in the center of the primary tumor stroma, as confirmed by the correlation data of the present study. A low proportion of stromal TILs in the center of the tumor was associated with an increase in the severity of CRC, as classified by Dukes and TNM staging systems. The inefficient inflammation of TILs in the center of the primary tumor was conducive to the metastasis of cancer cells to distant organs and potentially determined the tumor size. Wagner et al (39) demonstrated that the presence of TILs in CRC metastases to the liver depends on the migration and activation of helper CD4 + T cells, and the stimulation and cytotoxic properties of CD8 + T cells. Also, Schweiger et al (40) confirmed a significant effect of TILs on the likelihood of CRC metastasis to the lung.
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Stromal TILs are likely to be the most important factor for the formation and maturity of the tumor microenvironment (41) . The present study demonstrated that they are a major source of diffuse inflammatory infiltrate in the invasive front and center of the primary tumor, although they may also be identified in lymphocytic aggregates similar to those in Crohn's disease. In addition, the increase in the number of TILs resulted in an increase in the degree of stromal maturity. The degree of maturity of fibrotic cancer stroma consists of several elements: Matrix components; the cells responsible for matrix synthesis; and the inflammatory cells produce and Table IV . Correlation between TILs in stroma and in the inside of the cancer tubes and morphological variables of colorectal cancer. activate cytokines, including lymphocytes (40) . It has been demonstrated that the maturation of fibrotic cancer stroma limits tumor aggressiveness and leads to an increase in spontaneous metastasis (42) . As TILs significantly affect the composition and maturity of the stromal components to alter the potential for malignancy, the present study suggests that an assessment of TILs should be used in routine histopathological analysis in the future. Previous studies indicated the TIL grade may exhibit an effect on the 5-year overall survival and DFS rates (35, 37) . A decrease in TILs significantly shortened the 5-year overall survival and DFS in stage III tumors, and tumors of the rectum (36) . Similar results were obtained by Galon et al (30) , Ishizuka et al (38) and Prall et al (43) . In the present study, a statistically significant association between stromal TILs and DFS was not observed. However, a shorter DFS time for patients without intraepithelial TILs in the center of the primary tumor of colon cancer was identified. + TIL infiltrate in endometrial adenocarcinoma was associated with an improved prognosis (45) . Multi-and univariate analyses did not confirm the prognostic and predictive values of stromal and intraepithelial TILs in patients with CRC in the population of the present study; however, the identified correlations with clinical parameters and DFS demonstrate that TILs at the invasive front and in the center of the tumor require additional detailed immunophenotyping analysis on a larger group, and may present a potentially notable parameter in the assessment of the morphological features of CRC tumors in the future.
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The results of the present study confirmed that the infiltration of TILs in the invasive front and center of the tumor in patients with CRC serves an important role in the invasion and progression of CRC, and thus, that the evaluation of TIL infiltration should be included in routine histopathological examinations. Table V . Prognostic factors in patients with colorectal cancer. 
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